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A/).tfror/ St]l)crconclllclitlg-Noriiial-StllJercol]dllctor  (SNS)
dgc Josephson Jnndions (JJ’s)  continac to be a focos  of high-rI ’C

sopcrcondnctor (11’1’S) dcctronics development, I’hc ability to
form clean cdgrs  in 11’1’S materials is csscnlial  for socccssful  iNS
cdgc  J.1’s as well as crossovers and via contacts. \Vc  report a
novel  SNS JJ fabrication process in which a YBa2Cn307.5
(YBI,O) I,asc clcctrodr/Sr’l’i03  (S’1’[)) insulator bilaycr  coatd
with a polyimidc  passivation  layer  is rolatd dnriog Ar ion n]ill-
ing throogh  a reflowed  photorrsist  mask to form omnidirectional
sxlgcs. NO s a m p l e  cooling  i s  lls~~ ~,,ring n,illing.
Y11a2C:[12.8C:00,2  C)7.5 (YBCco) normal layers a od
YI ,ao,~slla2Cn307.a  (YBI  LO) connter-c]ect  rodes  complctcd  the
S N S  JJ’s.  l}cvices  f abr i ca ted  asirsg this polyimide  passivation
layer  ha},c significantly smaller standard deviations in critical
Corrcot  and resistance than those  processed withont it.

1. IN’I’I{OI)IJC:’1 ’IC)N

‘1 ‘hc abi Iity to control [ably fabricate 11 ig,l~-’I’et~ll>  crattirc
Slll>crcotlclllctor(l 1’1’S) S-Norn~al-S  (SNS) Joscphsm  Jonc-

Iions (JJ’s)  cnhanccs  the possihilitics for many applications,
inc]odinp, cligital circuits, SQ(III)’S, and mixers. A wide va-
riety of approaches to fabricating SNS-like junctions has been
triccl and analyzccl in terms of proximity effect bchavior[ I ].
Since tbcir initial socccssfa]  dctllollstratiotl[ 2], [3], most work
has focused on SNS edge junctions for circuit applications.
in Particular, ecl~c SNS JJ’s with normal Y11az(11279Co(, ?IC)7.8
(YII(XX))  inter] aycrs [4]-[6] arc cartcntly favored clac to
dc.nmnstrations of reproducible control of dcvicc parameters.

Very rcccmly,  11’1’S SNS JJ’s cm supcrcondocting
grooaclp]ancs were dcmcmstratcd [5], [6]. In order to assure
successful fabrication crfjonctions on groundplancs,  scparalc
patterning of tbc grounclplanc ancl insolatit]g oxide layers was
eliminated. ‘1’his minimized tbc number  of layers exposed to
]~l~c)torcsist/iot~  -]]lillit]g  prcrccssing  and potential degradation
of exposed surfaces and subsequently grown films duc to
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proccssiag residues. While this simplification allowed tbc
very in]pctr[ant clcmonstration of 11’1’S SNS JJ’s on ground-
plancs, forthcr  improvements in tbc processing of edges arc
nccdccl in order to make this Icchnology  more flexible.

‘J’hc use of pctlyimidc  filtns bas resulted in bigbcr quality
structures and clcancr sorfaccs  in lo\\7-(elll~lcrat[lrc supercon-
ducting  materials proccssing[7],  [8]. ‘1’o this end, we investi-
gated the use of a pctlyimiclc layer to rcducc unwanted pllo-
tcrrcsist residues remaining after processing of oxide surfaces.
in this work, we employed the edge SNS junction stractare as
a test vcbicle  to dctcrminc  the relative merits of soch a pas-
sivation scheme. We show that high-quality SNS devices can
indeed bc fabricated by including a polyimiclc.  passivation
layer unclcr tbc pbotmcsist milling mask and that better con-
trol of the device parameters is achieved than in similarly
fabricated dcviccs  fabricated without such a polyimidc  layer.

II. Jt.lN(WtON  I’AIIRICA”l’ION

SNS e(lge junction ffibrication  began with off-axis spotter
deposition of Y11azC:t1307.8(  YI\(:C),  220 ljtl))/Sr’1’i03 (S’1’C),
300 ntn) bilayers deposited onto 5 cm-diameter 1,aA103 (1 00)
wafers. l)ctails  of the clcposition  of tbesc films were clis-
cusscd previously [5] ‘1’hc transition temperatorc, detcrminccl
by ac susceptibility, of the Y}ICC)  film was typically 86-87
K, with a width smaller than 1 K. ‘1’hc wafers were diced into
1 x I and 0.5 x 0.5 cmz chips for processing into tbc SNS
ccigc janctions.  Prior t o  J)llotolittlogra[ )l]ic proccssin~,  tbc
chips were ultrasonically cleaned for 3(J minutes in Michloro-
ctbylenc, acekrnc and ctbano]  to remove any rcsidoes  left by
the clicing process. III addition, the chips were plasma
c]cancd in a rcactivc ion etch (RI};)  system for 30 minutes at
120 W with 150 m’1’orr  02.

‘1’[lc Y}\(:()/S’J’()  bilaycr  was prcbakcd  at 130° C for onc
minute to remove adsorbed water vapor anti coated with
polyimidc  (( X;285) spun at 5000 rpm for 40 seconds. ‘1’bc
tbickncss  of tbc pcrlyimiclc Iajcr  was 500 ntn. ‘1’hc  polyinliclc-
coatcci chip was partially cored at 130C~ C for five minutes on
a hot plate. After tbc chip was allowed to cool, a 1.5 pm
thick layer of 1518 plmtorcsist  was spun onto the chip at 5000
rpm for 40 seconds and ptebaked at 95{) C for 2 minutes. ‘1’bc
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resist ecigc bead was rmoved with a 3 minute cxpmurc, de-
velopment  in AY, clcvelopcr diluted 1:1 in water, rinse and
drying, in city Nj gas. ‘J’he exposure of the chips was per-
f o r m e d  wilh a 350 mm LJV flax of 10 mW/cn)z  lhrough
chrome contact masks. ‘1’hc base-clectrodc pattern was then
exposccl for me minute and developed in the A7, (1:1) solLl-
tion. ‘1’hc 1518 resist pat(cra  was Ihcn baked at 130[) C for
five minutes, hot enough to cause Ihc edges of the mist to
flow. Atomic l~orce Microscope (AI~M) stuclics of the re-
flowed 1518 edges indicated that the edge al~gle, measured
from the sabstrate plane, is -20° for line widths exceeding S
pm.

‘1’he pat(crt~ed chips were then mounted on a 1 mm-thick
s(ainlcss-stcc]  plate using Ag paint for milling using a 500 eV,
1 n~A/cn]2  Ar’ ion beam at an angle 45° from normal inci-
dencc.(h’i.g. 1). ‘I he plate was rotated at 35 rpm using a I)C
motor moantcd in the vacuum system. I’ypically,  17 minutes
was required to etch through the Y]](X),  S“1’0, and polyimidc
films; the total etching time was 20 nlinutes, Note that no
cooling was provided to the sample during the entire ion-mill
etch.

l~ollowing  milling, the substrate was rcmovccl  from the
plate and excess  Ag paint scrapped off of back. l’he sample
was then J~laccd in the Rlll system for a 150 nl” I’orr-Oz  plasma
clean at 120 W for 30 minutes. ‘Ibis  removed most of the
closs-linked photorcsist  and polyimidc.  ‘1’hc sample was then
ultrasonically clcancd  in mcthylcnc  chloride, acetone and
cthanoi for 10 minutes each. Mcthylcnc  chloride is a solvent
for polyimidc  CG285 and effectively lifts off any remaining
moss-linked 1518 photorcsist,

An AIM image of a YllCO/Srl’O edge prepared with the
polyin~iclc-passivatcd  reflowed resist is shown in E’i,g.  2, I’hc
edge is seen to bc smooth and clear of large scale defects. ‘1’hc
angles of the YIXX) and S’1”0 portions of the edge arc 17°
and 10°, respectively, from the plane of the substrate.. ‘1’here
separate angles presumably rcsa]t from differences in millings
rate.
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I ‘ig. 1, - (’rt)ss  section of Ihc SNS cclgc janclirrn  struc[arc  darin:, tapctccl
edge frmnaliol). ‘1’k polyimidc pa$sivatioa Iaycr USC(I  hclolv (IIC  rctl<\\vcd-
Icsisl  nlilling ma+ is aaiqac  to this wink. ‘1 hc smnp]c  ~vas not ac[ivc]y
coo]cd  dar iny ion nlillinp,

1’1:, ?. - AI:M  image of a YtKX)/S’l’()  edge formed by milling, Ihc bilaycr
fIltII coated \vit}]  a polyin)iclc  passivatim  layer  using  a rcfl{)}vcd-resist
mask. ‘I”hc sample holder was rcrtatcd hut not  aclivcly  ccrolcd dariag ion
nliliiag

l;ollowing  the eclgc formation step, the YJICCO normal
interlaycr, Ylla,  ~51.a[, ~SCLIJ07.a(YIll  CC)) superconducting
counterelcctmde,  and Au contac(  layer were deposited. l’he
sample was mounted onto a }Iaines  alloy plate with Ag paint
and introdaccd into the load lock of a pu]scd  Iascr deposition
(1)1  ,1)) systcm containitlg  a 5 cm-diameter ion source. ‘l’he
chip surface was spatter-cleaned in the load-lock chamber
with a 100 eV, 1 nlA/cmz  ion bcalll of Ar atld oz. ‘l’hc Ar
parlial pressure was 1 .Sx 1 O-l; total pressure was 2,0x 1 O“d
I’ori. lltch time was five minutes, rcmoviag an cstinjatcd s
am of YllCO or S’1’0.

‘l”hc samples were then transferred i}] silu to the main
deposition chamber. Prior to the deposition of the YJICCO
N-layer ant! the Yl)l S:() countcrelectrodc films, the substrate
was hcatecl to 820° C in 200 m’1’orr 01 for 20 minutes. “1’hc
YII(;CO and YIII ,(’0 films were then clepositcd  b} P] ,1)
(flacnce of 1.6 J/cmz at k: 248 rim). Suhstratc  temperature
was controllcc!  by a thermocouple and measarcd  with an opti-
cal pyrometer using heavily-doped Si chips mounted C1OSC to
the dcvicc chips. I)aring film deposition the laser spot was
scannccl over the 5 cm-diameter targets in a vertical direction
and the sabstrate was oscillated f 1 cm in horizontal direc-
tion. ‘1’his produced films with total thickness variation less
than 10 ‘A over a 1x1 cn12 area. [;ollowing film dc.position,
the chip was cooled at 3° C/rein, to room tempcratarc in 500
“1’orr of 02. l~ollowing  this anneal step, a 100 nnl-thick Au
film was deposited by CIC spattering in 10 m’J’orr  of Ar.

l{dgc SNS junction chips with YIvCCO  N-interlaycr
thicknesses of O, 10, 46 and 93 nm were fabricated, ‘1’hc
YflI CO thickness was fixed at 200 nm. ‘1’hc YIICCO  films
had resistivities of 250 pfl-cm at 60 K and transition tcm-
pCIatlllCS  of 45 K. ‘1’hc transition Iemperaturc  of the YII1,CO
films were typically 88 K.

I’hc chips were farther proccsscd  to clcfinc base-electroclc
contacts and to define the coanter-clccfroclc  briclgcs. SNS
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111. ILI,I;C’I’RICA1.  Ml; ASURl;M}iN’1’Sdevice widths were 1.25 - 10 pm. We have prcvioas]y  rc-
pottecl this part ofthc  edge SNS clcvicc fabrication[9].

B, Mgc .Jlitw[iotl.v wi[kw( I’olyittlide  I’m.~ivcliio)t

Control devices were also prepared without the poly-
imidc passivation layer unckr the resist. ‘lube same 1518
photorcsist and base-cl ectrocic patterning wm OSCCI. } low-
cvcr, these chips were ion millccl in an 10 cnl-diameter system
with a water-coolecl, tiltable, rotating sample stage. Note that
eclgcs preparccl  with 1518 masks only and no water cooling
were not acceptable for ose in edge SNS clcviccs. ‘JIIc chips
were mounted on the sample stage with Ag grease. ‘1’his sys-
tem has a Iowcr  energy limit of 1000 eV, therefore the current
density was ]owcrcd  to <0.2 nIA/Cn12  to rccloce clamagc cloc to
the higbcr ion energy. A milling time of 45 minutes was rc-
qaircd to clear the chips to the substrate, I)cviccs with Y1l-
CCO N intcrlaycr  thicknesses of O, 10, 20 and 30 nm were
fabricated. ‘1’hc  dcviccs were completed with the process
described above.

An AI:M ima.gc ofa YIK:O/S’1’O  edge prodaccd wit}) this
1 S 18 reflow  ptoccss is shown in l:ig. 3. I’hc edge is smooth
and clear of large scale clcfects, similar the edge shown in l~ig.
2 produced by the polyimicle passivation  process. ‘1’hc YIWO
edge angle of the edge is 13° from the plane of the sabstrate
ancl the S’1’0 edge angle is 7°. Notably ciiffcrcnt  between the
two A}:M images (l~igs. 2 and 3) is the smoothness outside of
the area of the edge. ‘1’he  sample proccsscd  with the poly -
imidc passivation is smoother than the sample processed with
only the reflowed resist. We farther note that subscqacnt
Yll(X)-based layers grown on the, chips proccssccl with the
polyimidc  passivation appear cleaner, by optical microscopy,
than those without tbc passivation layer.

I ‘Ig 3.- AIM imap,c  of  a YIK’OK’K)  film cdp,c  formed by irrn-milling M itll
a ru(lc)wc.d-resist II Iasli ‘1’hc sample  srdp,e was \va[cr  coulcd  dat iag iOII
Illilllng NO(C IIIC roagltcl  sa[frrccs that]  ia lIg, 2 .

I)cvice chips were moantcd in 28-pin ceramic chip pack-
ages and inscrtccl into a magnetically shielded cryogenic
p]obe eqaippcd with a thermometer and resistive heater for
1X mcasarcments. ‘1’he temperatarc  was n)aintailled by a
controller. f:oar-wire n~casuremcnts  were performed with two
Al \vircs ultrasonically bonded to the counter electrode of
each device and two wires bonded to common base-electrode
contacts, Current-voltage (IV) characteristics were obtained
by carrent-biasing the devices using a audio function genera-
tor. ‘llc cartcnt,  dcrivecl from a known series resistor, and
the voltap,c signals from the dcvicc \vcre fcd into lcnv-noise
amplifiers, the outputs of whic}l were fcd into an analog-to-
digital convcrtcr.

“l’he IV characteristics of a typical SNS e(lgc JJ at 77 K,
with ancl withoat microwave radiation, arc shown in l~ig. 4.
‘1’}lis dcvicc  }lad a YIICC() interlaycr thickness of 10 ntn and
was processed with the polyimidc  passivation  layer. Similar
IV characteristics were observed for junctions without the
passivation  layer. At 77 K, the critical-current density (JC) of
this dcvicc was 1.03x 104 A/cn~2,  the resistance was 0.26 S,2,
and the critical current-resistance (ICR,,)  product was 48 pV.
‘1’he shape of the IV characteristic is qaalitativcly  consistent
with the l-csisti~jcly-s}lttt~  tccl jonction (RSJ) model with a small
cxccss current. Well-clcfincd Shapiro steps arc evident under
microwave irradiation.

l:or all dcviccs  fabricated, JC was observed to d~creasc
exponentially with increasing YIKXX) thickness. For a given
YIKYX) thickness JC was gcncra]ly  larger in devices fabri-
cated with the polyimidc  passivation  than in devices without
it. Note, however, that the resistances of devices fabricated
with the polyimide  process were lower by about a factor of
three than those of the dcviccs  fabricated with the reflowed
resist mask alone, although all resistances were significantly
higher than expected from YKXX)  resistivity.  ‘Ibis  sl]ggcsts
a boanciary  or intcrfacc  resistance in series with the normal
inlerlaycr.  For YBC.CO thicknesses of 10 nm, ICRT, valaes of
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1 ‘k ~. - 1 )c~icc wralllclcr  spreads for each ftibricakcl chip, with aad ivith-
oat Ihc polyialidc  passi  vation  layer. The ialprovcd era-chip coalrol with Ihc
p{llyimidc p!occss  is clearly visible, Tbc data MWC takca a~ 60 K and rc,plc-
scal onc s[aadard  dcvialicsa divided by the mcaa value expressed ia pcrccat

150 - 800 pV were observed at 60K imkpcnclcnt  of tbc
method used to fabricate tbc edge.

‘1’bc  most significant difference between the two proc-
esses is shown  in f~ig. 5, in which the on-chip spread in R,,A
(1 o) is plotted against the spread in .lC. ‘1’hc  data WCIC taken
at 60 K. All data from ten devices measured cm each fabri-
cated chip arc iocluded. Clearly, clcvicc parameter spreads
arc more tightly controlled in tbc polyimidc  process tbatl in
tbc simple reflow ptoccss. Note that the 74°/0 spread in JC for
the 93 nm-thic!i  YIICCO  polyimide-passiva tcd chip is ac-
counted for by tbc fact that the devices were just beginning to
show an observable critical cutrcnt at the measurement tcm-
pcraturc. At SO K, 10 for JC was soy..

IV. CONC1/US1ON

Wc have fabricated SNS edge JJ’s using a polyimidc
passivaticm layer uadmneatb a reflowed-resist mask without
actively cooling tbe chips daring the ion-mill etch. Ibis
process prodaccs devices wilt] excellent IV characteristics
and ICI<,,  values as high as 800 IIV at 60K. Compared with
chips fabricated without tbe passivation layer on-chip dcvicc
par’amctcr spreads were significantly reduced by the new
process.
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